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The cheilostome Tamily Excchonellidac Harmer, 1957 is widely distributed in time and space.
The genus Execlonella Duvergicr, 1924 has a pan-tropical to subtropical distribution from the Eocenc to
the Recent and is represented by several Australian species from the Tertiary of Victoria and the Recent of
the southern and eastern coasts. Some species exhibit a wide range of variation in morpbological charac-
ters, and one, Exechonella papillata, appears to be new, and is described here. Nearly all specimens arc
encrusting, but one Tertiary Victorian species has crect, cylindrical, branching colonics. Recent samples,
from a depth range of 40-190 metres, include large colonies of several thousand zooids. Frontal wall
structures include marginal scptular pores connecting between the visceral and hypostegal cocloms, and
Irontal foramina. Avicularia and homologous structures derived from frontal septulur pores are illustrated.
The structure ol the frontal foramina in different populations ol Tertiary £, marginata, demonstrates a
major development of hypostegal coelom not found in other species, but rescmbling that found in another
exechonellid genns, Srephanopora Kirkpatrick, 1888.
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HARMER (1957: 651) introduced the family
Exeehonellidae for Exechonella alone. He noted the
umbonuloid nature of the frontal shield and listed a
large number of Indo-west-Paeifie loealitics for ma-
terial he assigned, principally. to E. tuberculata
(MaeGillivray, [883) and E. magna (MacGillivray,
1895) (sec below). Duvergier (1924: 18) had intro-
dueed FExechonella with the type speeies,
Cyclicopora? grandis Duvergier (1921: 124, pl. 3,
figs 2.3), originally recorded [rom the Lower Mioeene
(Aquitanian) of the Gironde, Franee. Cheetham (1966:
62) noted that this was the type speeies by monotypy.
He emphasised that the type speeies of Exechonella
was not Hiauntopora magna MaeGillivray as stated
by Canu & Bassler (1927: 4) and by Harmer (1957:
652). Cheetham commented “1lowevcr irregular,
Duvergicr’s introduction has priority”. In addition,
the sclection by Vigneaux (1949) of “C. grandis
Duvergier” as type speeies of his genus
Hippexechonella means that the name is a junior ob-
Jjeetive synonym of Exechonella.

Several other gcnera have been assigned to the
Exechonellidae, but all require a more eomplete ex-
amination of the morphology of their type, and any
other relevant speeies, before their relationships can
be established. They include Anexechona Osburn, for
A, ancorata Osburn (1950: 96, pl. 11, fig. 1), from
the Gulf of California. A. ancoraia has large, vieari-
ous avieularia, and the frontal shield has large pores.
Colonies are enerusting and oecasionally creet and
adeoniform; ovieclls and spines are lacking. Osburn
described the ontogeny of the frontal shicld as being
similar to that of Exechonella. Auarthropora Smitt,
1868 (type species Lepralia monodon Busk, 1860)
and Triporula Canu & Bassler, 1927 (type speeies
Escharipora stellata Smitt, 1873) also have frontal
shiclds with foramina and surrounding ealcilication
similar to that in Eveclionella; the structure of the
orificc and peristonic is similar in these three genera.
Aynexecha Gordon & d’Hondt, for X. pulchra Gordon
& d'Hondt (1997: 15, figs 8,9), from New Caledonia
superfieially resembles Exechonella marginata (see
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below), and has erect, eylindrieal eolonies, zooids with
long, tubular peristomes, and a frontal shield with a
restrieted eentral area of foramina. However, this arca
is deseribed as umbonuloid, but surrounded by a
“eryptocyst”™ with “arcolae™, If this means a
eryptoeystal (lepralioid) frontal shield, with marginal

frontal septular pores, it is quite unlike that of

Exeehonella. Alternatively, it is difficult to understand
how a eryptocyst (which is an interior wall growing
into a pre-existent eoelom), can have marginal fron-
tal septular pores, and give rise to an umbonuloid
shield. The ealeifieation of the long, tubular peristome
is deseribed as similar to that of the “eryptoeyst™, but
whether it is inferred to be umbonuloid or lepralioid,
and the nature of its coelomic relationships, are un-
certain. Although obviously not closely related, the
shield resembles that ol an arachnopusiid genus,
Briarachnia, deseribed by Gordon (1984). 1t seems
probable that, in spite of its appearance, X. pulehra
may not be referable to the Exechonellidae. The ge-
nus Stephanopora Kirkpatrick (1888) was referred to
the Excehon-ellidae by Hayward (1988), who
redeseribed the type species, S. cribrispinata
(Kirkpatrick, 1888) from Mauritius. Gordon (1993)
expanded analysis of its morphology and added notes
on S. perelegans (Harmer, 1957) from Indonesia. The
eomplexity of the frontal spinose extensions of the
umbonuloid shicld obscures the similarities of these
speeies to those of Exechonella, and is discussed be-
low (p. 00). Hayward (1988) also provisionally re-
ferred Anarthropora horrida Kirkpatriek (1888) to
Exechonella. A. horrida has zooids with an
umbonuloid frontal shicld, long tubular peristomes,
and sporadic, peduneulate avieularia, Although it ap-
pears to be generieally distinet from Exechonella, it
certainly shares many characteristies with other
Exechonellidae.

In eontrast, the genus Coleopora sensu strieto has
little in eommon with Excchonella. Coleopora was
introdueed by Canu & Bassler (1927, pl. 1, fig. 7) for
a single “Recent” speeies, C. verrucosa. Later, Canu
& Bassler (1929: 267, pl. 20, fig. 4, p1. 26, tig. 9)
redeseribed the same speeimen (from Jolo in the Phil-
ippines, “Albatross”™ Station 5137). Coleopora was
defined with a hyperstomial ovieell “never elosed by
the operculum™, and figured with a zooidal frontal
“punctured by small very numerous tremopores”.
Among these were thiekened tubes, which were re-
touched in the illustrations, but appear to be hollow,
and vary in number from 3-9 per zooid. Although no
ovicell was figured, it was stated that the speeies was
“in reproduetion™, and that the ovieell was “globu-

lar”. Large foramina with a border. or raised edges,
as in Exechonella antillea (Osburn, 1927) and F£.
mberculara respeetively, did not oeeur. Coleopora was
assigned to the family Petraliidae. Harmer (1957: 897,
pl. 54, figs 11, 12), however, considered it to be a
synonym of the Pleistoeene ltalian genus Teuchopora,
and assigned speeimens of his “T." verrucosa from
New Guinca to the Teuchoporidae. He deseribed the
zootds with numerous small frontal pores and hollow
papillae. Poluzzi (1977) redefined Teuchopora from
type spceimens and demonstrated in detail its distine-
tion from Coleopora, as noted by Winston &
Heimberg (1986: 15). Harmer (1957: 897) was un-
certain of the affinities ol his speeimens and noted
similarities with Exechonefla. Winston & Heimberg
(1986: 15, figs 33-34) deseribed Coleopora verrucosa
from Bali, and referred the genus to Exeehoncllidae.
Their figures show zooid frontal shields with numer-
ous, slit-like pores, interspersed with 3-4 seattered
“hollow papillae™. There is a marked contrast between
their figures of C. verrucosa and those of Exechonella
brasiliensis Canu & Bassler, 1928 (Winston &
Heimberg, 1986: 15, figs 26, 27), whieh show large
foramina with eurved rims. Winston & Heimbcerg
(1986: 16) noted that the spceies ineluded in
Coleopora may not be a monophyletic group. Very
few of these, ineluding the type species, seem to be
referable to the Exechonellidae. For example, C.
gigantea Canu & Bassler (1923). redeseribed by
Osburn (1952), from the Plcistoeene and Reeent of
California respeetively, and C. seriata Canu &
Bassler, 1929, from the Philippines, also deseribed
by Hayward (1988) from Mauritius, have large, promi-
nent imperforatc ovicells and numerous small frontal
pores. However, C. erinacea Canu & Bassler (1929:
268, pl.19, figs 5-8), has figures which are heavily
retouched, and may refer to more than one speeies,
but appears to be referable to Exechonella (see p.00).
Very similar specics of Exechonella oeeurred in North
Ameriea in the Middle Eoeene, and werc deseribed
and figured by Canu & Bassler (1920), who origi-
nally referred them to other genera, but reassigned
them later (Canu & Bassler 1929).

The stratigraphieally earliest speeies of the fam-
ily appears to be Cheilopora? orbifera Canu & Bassler
(1920: 526, pl. 14, fig. 16) from the Claibornian (Mid-
dle Eocene) of the USA, together with Crelicopora
latieella Canu & Bassler (1920: 427, pl. 55, fig. 6)
and Cheilopora prefucidioides Canu & Bassler (1920:
527, pl. 68, figs 1.2) both from the Jacksonian (Late
Eocene). Cheetham (1966) recorded an almost con-
temporaneous, unnamed Eoeene form {rom the
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Bartonian of the Upper Bracklesham beds of south-
crn England. Names of other Tertiary species from
France and ltaly were given by Canu & Bassler (1929)
and Cook (1985). Morc than 15 nominal specics of
Excchonella have been described, and there are more
than 50 records of variously named and unnamed taxa.
Records of scveral nominal Recent species are
virtually pantropical to subtropical in distribution,
which suggests that they may each include more than
one taxon. One problem is that relatively few distine-
tive characters are available for comparison among
specimens. There is a wide range in variation of char-
acter states among the records from different locali-
tics, but an almost equally wide range occurs within
populations from neighbouring localitics. Harmer
(1957), Cook (1985) and Fransen (1986) have all com-
mented on this variability, and the consequent diffi-
culty which exists in distinguishing taxa. Australian
records of specimens referable to Excchoncetla fall
very approximately, into four groups of species, cach
with similar morphologies. The first group is large
and includes the type species, £. grandis, and other
Tertiary European taxa, the world-wide E. antillca-
complex, £. brasiliensis and the three Eocene forms
from North America mentioned above. It is repre-
sented in Australia by a Recent specics, E. papillata
sp. nov. from the Great Australian Bight. The seeond
group includes the £. magna-complex, which has an
almost entirely Australian Tertiary and Recent distri-
bution, but does include some records from the Phil-
ippines. The third group includes Australian and other
records of Recent £, tberculata, E. discoidea and E.
ampullacca. The fourth group consists cntirely of the
Australian Tertiary E. marginota-complex. The Aus-
tralian fauna therefore includes records of two Terti-
ary, and four Recent species or species-complexes.

MORPHOLOGY

There are relatively few diagnostic characters avail-
able for discrimination of specics in Excchonella. 1n
spite of this, Fxechonella is an “casily recognised”
genus. The colonies are usually encrusting, and
unilaminar. Overgrowths may occur, as in the
multilaminar Execlionella papillata, some bilaminar
speeimens of E. magna (which also includes a single
lunulitiform colony), and the erect. quadriserial
branches of the E. marginata-complex. The very large
zooids may be distinguished with the naked eye, thosc
of E. papillata. E. marginata and I, antillea usually
exceeding 1.0 mm in length, and reaching 1.6 mm in

E. gigantea Cook (1967: 339, pl. 2C, D) from west
Africa. The ancestrulae are usually very small, but
resemblc later-budded zooids (Fransen 1986). Zooids
are often budded singly, with little tendency to form
part of a “growing edge™ (sec Cook 1985: 45), al-
though a form of marginal growing zone does occur
in E. papillata and E. magna.

The lateral septular pores of nearly all species are
numerous and uniporous in all zooids which arc deep
vertically, like those of E. cf. discoidca and E.
papillata, but are reduced to three series or less, in
shallower zooids, such as those of £. inberenlata and
E. marginata. The marginal scptular pores provide
communication between the viseeral and hypostegal
cocloms, and in most species remain visible through-
out ontogeny, as in £. magna. where they may be
prominent. They occur peripherally, and ofien distally
to the peristome in a single series, but may also form
groups at the proximal end, or in the latcral “corners”
of zooids, as in £. papillata and E. marginata. In some
species, with partially isolated, flask-like zooids, like
£. ef. discoidea, they are extremely small, and oceur
close to the basc of the exposed lateral faces of the
zooids.

The frontal shicld has umbonuloid ontogeny,
which has been discussed in detail by Cheetham &
Cook (1983) and Gordon (1993). Essentially, it con-
sists of'a fold of cuticle derived from the frontal mar-
ginal septular pores, growing above a pre-existing
frontal membrane with contiguous operculum and
fully developed and funetional parietal muscles (Cook
1985). The basal-facing calcified surface of the fold
is an exterior wall, and has an outer closely apposed
cuticular surface. The upper-facing calcified surface
of the frontal is an interior wall, with an overlying
hypostegal coelom derived from marginal septular
pores, beneath an investing cuticle.

The primary orifice is uncaleified and the early
ontogeny of the calcified orifice resembles that of
many “eribrimorphs™ (Cook 1967), with an orificial
bar, or even a peristome caleifying above the opercu-
lum before the rest of the shicld is complete (Cook
1967, Gordon 1984). The resulting early calcified
orifice is often a simple, almost circular structure; but
in several species, an inner lamina on the distal side
terminates laterally at the base of the peristome, This
may be the “lining™ mentioned by Harmer (1957: 655).
The lateral ends of the lamina may appear as distinct,
paired “condyles” (sce Fransen 1986, fig. 29a, b) (Fig.
1B), or as “*pockets™ within the calcification (Fig. 3D).
In species with long, tubular peristomes these are not
usually obscrvable. Orifices may vary markedly
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Fig. 1. A-D, Exechonella papillata sp. nov, NMV F97951, holotype, GAB Station 110. A. Zooids showing frontal shicld with numerous
foramina, calcified orifice with thickened peristome. Note raised zooid margins and lateral kenozooids, x 17, B, Lateral vertical walls showing
numerous uniporous septular pores, and frontal shield with thickened foraminal margins. Note small foranien associated with lateral kenozooid.
Arrow points to edge of lamina in orifice, x67. C. Detail of zooid with distal lamina in orifice, two kenozooids. Note relation between marginal
communication pores and zooid margin, x48. D. Detail of papillate kenozooid on left-hand zooid. Arrow points to adjacent foramen, x72.
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within nominal taxa. For example, the orifices of E.
antitlea figured by Hayward (1974, Fig. 4C) from
Chios. and by Winston (1982, fig. 60) [rom Florida,
are far narrower proximally to the “condyles™ than
the orifices of £. antilleaillustrated by Fransen (1986,
fig. 29a, b), from the type region of Curagao, and from
Ghana by Cook (1985, pl. 15, A, B). In addition,
“condyles™ are absent in most colonies of Recent £.
magna. but present in one Miocene population, at
least, of the same nominal species. Peristomes may
be raised, with irregular spinous projections on their
margin, or be tubular and prominent, sometimes Har-
ing outward terminally. Caleilication is smooth on the
inner surface, which is directly derived from the lower
face of the calcified shicld, and is part of the exterior
wall. It is granular on the outer surface, which is an
extension of the upper surlace of the shield and is an
interior wall, capable of developing secondary calci-
fication.

The frontal shicld develops a variable number of
foramina in the calcification. Foramina are smaller,
but have essentially the same calcified structure and
relationships as peristomes. They may be distributed
all over the frontal shield or be confined to an arca of
variable extent in the centre. They develop from
uncalcified embayments among lobes ol peripheral
calcification, and are cut oftf'and isolated as the lobes
fuse progressively towards the centre of the shield
(Fig. 2C). In some species, the cuticle is inserted at
the edge of the foramina (e.g. in £. magua); in others,
it is continuous across the face of the foramina (see
Cook 1985: 46). The calcification surrounding the
foramina is usually thin and smooth, but varies con-
siderably among species and at different ontogenetic
stages. Usually the edges of the foramina are thin and
slightly upturned carly in ontogeny. As the upper sur-
face of the shield thickens, the foramina decpen and
become surrounded by a rim of caleification. 1f the
outer edges of the rim are thicker than the inner edges,
the foramina appcar as pits in the centre of a smooth
disc of ealeification. Where the foramina are scattered,
the subscquent appearance is similar to that illustrated
in E. autillea from the Gulf of California (Osbumn
1950, pl. 10, fig. 9). I the foramina arc more numer-
ous, the edges of the dises abut, but do not fuse, re-
sulting in an appearance like that figured in E. antillea
from Chios (Hayward 1974, fig. 4C), in E. antillea
from Ghana (Cook 1985, pl. 15B and fig. 38), in
E. prelucidioides from the Eocene of South Carolina
(Canu Bassler, 1920, pl. 68, fig. 1), in Miocene E.
marginata from Muddy Creek, Victoria (Fig. 6D), and
Reeent Execlionella papillata sp. nov. from southern

Australia (Fig. 1B). If the foramina are infrequent,
and their rims are curved, their appearance resembles
that figured for E. brasiliensis from Brazil (Canu &
Bassler 1928 pl. 3, fig. 5), from Komodo Island
(Winston & Heimberg 1986, ligs 26, 27), and from
Vanuatu (Tilbrook er /2001, fig. 8G). If the foramina
arc more numerous, their rims abut, and appear simi-
lar to those figured in E. autillea from Jamaica
(Winston 1982, fig. 60), and £. orbifera (Canu &
Bassler 1920, pl. 14, fig. 16) and E. laticella (Canu &
Bassler 1920, pl. 55, fig. 6) from the Eocenc of Ala-
bama and North Carolina respectively. Although the
Tforamina of species such as £. papillata sp. nov. and
E. ¢f. discoidea appear to be open on the basal, exte-
rior wall surface, it is inferred that the cuticular layer
which lines the wall, is complete The cuticle invest-
ing the hypostegal coelom inserts sporadically on the
outer edge of each foramen, and is raiscd above it in
life. Preserved specimens show a cuticular layer cov-
ering the foraminal opening, and often in dried mate-
rial, shrinking into the upper part of the foramen (Fig.
40), as observed in E. antillea by Cook (1985: 46).
This type of foramen appears to oceur in Group 1 and
Group 3 speeices, but not in £. magia (Group 2), where
the foramina are completely open (Fig. 2B). A thin
intervening coelom is presumed to surround the edges
ol the foramina and to remain in contact with the vis-
ceral coelom through the frontal marginal septular
pores. Sometimes a euticular trace surrounds a group
of foramina, often giving a superficial appearance of
a costate shicld (Fig. 1B, and Cook 1985, pl. 15B).
There is no simple correlation between form and fre-
queney of the foramina and the number and position
of septular pores. A single, very prominent, marginal
serics is present in several populations of £. magna,
but the foramina do not develop much further, alter
the initial ontogenetic stages, and the caleification
around them is smooth and not greatly thickened. In
contrast, in E. wberculata, the pores arc fewer and
obseured, but the foramina are marginally raised in
irregular spinous processes, and the intervening cal-
cification is thick and granular.

Opereula with marginal selerites have been
reported in £, antillea by Cook (1985), and Fransen
(1986), and are present in Exechonella papillata sp.
nov. and some, but not all populations of E. wagna
from southern Australia (see below). Fransen (1986)
considered that the opereula were attached to the
condyles. but Cook (1967), who observed living speci-
mens of the same nominal species, noted that they
were closely apposed to the ealeified orifice, but were
drawn downwards, together with the frontal mem-
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Fig. 2. A-D, Exechonella magna (MacGillivray 1895). A, B. GAB Station 103. A, Zooids with orificcs showing proximal peristomial
processes, avicularia with associated foramina, x28. B. Detail showing tubes of commensal organisms. Avicularia at top right and bottom
centre, x57. C. GAB Station 134. Colony air-dried to show frontal membrane and operculum beneath incompletely caleified frontal shicld,
x47. D. Miocene, Muddy Creek. Central zooid with two avicularia, x28.
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brane, almost to the basal wall, before opening, and
protrusion of the tentacle sheath and erown (Cook
1983).

Small avicularia are frequently, but not invari-
ably present. They are derived from a lateral, often
oral, marginal frontal septular pore. Mandibles are
slung on a delicate bar, and their shape is usually spe-
cifically correlated. Avicularia arc generally very simi-
lar in matcerial of cach nominal specics, but they are
frequently abscnt from entire colonies, or parts of
colonies. In the E. magna - complex, each avicula-
rium is closely associated with a foramen, which may
be larger than those occurring elsewhere in the shield.
Structures which are not avieularia, but which have
similar relationships with a foramen, oceur in
Exeehonella papillata sp. nov. (sec below).

Spines and ovicells are absent. Apart from the
very doubtful and unillustrated record of ovicells in
E. disevidea Canu & Bassler (1929, sce below), they
have not been reported in Exechonella. Cook (1985)
described some enlarged, dimorphice, zooids in one
specimen from west Africa referred to E. antillea.
Fransen (1986) has illustrated the interior ovisac and
brooding of cmbryos in non-dimorphic zooids of E.
antillea sensu stricto.

NOTES ON AUSTRALIAN SPECIES OF
EXECHONELLA

Excchonella Duvergier, 1924
Type speeies. Cyelicopora? grandis Duvergicr,
021
Group 1. Excchonella papillata sp. nov.
(Figs 1A-D)

Holotype. NMV F97951 (figured specimen). Great
Australian Bight. GAB Station 110, south of
Esperance, Lat. 34°32' S, Long. 121°32' E, 154 m.

Paratype. NMV 97952 as above, large, multilaminar
colony, originally encrusting shclls, totalling 2500
zooids.

Other material. NMV GAB Station 089, southcast of
Esperance, WA, Lat. 34°37' S, Long. 123°32' E, 210
m., single colony cncrusting ccmented sand, about
100 zooids.

Etymology. papilla (L), anipple, referring to the small
kenozooids.

Diagnosis. Exechonella with low peristomes and nu-
merous frontal foramina; zooids each with one or two
lateral kenozooids associated with a small foramen.

Description. Colony encrusting, unilaminar to
multilaminar, with overgrowths in random directions.
Zooids large, defined by a raised laminar border sur-
rounding a series of small, marginal frontal septular
pores. Lateral interzooidal communication by numer-
ous pores scattered over the entire vertical walls. Ina
lew zooids, a pair ol small multiporous pore-plates
also occur near the frontal cdge of the walls, particu-
larly, but not exclusively, on the distal walls. Their
position is not correlated with that of the kenozooids
(see below), Calcified orifice subrounded, tending to
angular at proximal margin, length and width
subequal; with a sharply delincated, smooth, slightly
thickened peristomial rim. Opereulum closely apposed
to orifice, with well-marked lateral sclerites. A pair
of “condyles™ within the caleified orifice are appar-
ently associated with a distal lamina lining the
peristome (see Fig. 1B). Each zooid has up to 80 smail,
rounded frontal foramina, surrounded by a dise of
smooth calcification. In onc or both lateral “corners”
of many zooids. a small, round, kenozooidal strue-
ture is derived from a septular pore. It is not an
avicularium, but is slightly raised, with an occluded,
nipple-like region, which has a small central pore.
Some of these structures have an oval, raised margin,
which closely resembles an avicularian rostrum. How-
ever, none of these show any sign of a bar or a man-
dible. Nearly all these kenozooids have a small
foramen within the raised rim of calcification, placed
laterally to the central structure (1ig. 1D). Although
very different in appearance, the relationship of the
structure with the foramen is the same as in avicularia
of Exeelionella magna (sce below).

Dimensions. Lz 0.45-0.59 mm, 1z 0.43-0.50 mm, Lap
(lor secondary caleilied orifice) 0.24-0.26 mm, lap
0.28-0.31 mm,

Remarks. This spceies does not appear to have been
described before. 1t closely resembles some deserip-
tions of specimens assigned to the “E. antillea”-com-
plex. but differs completely in the much larger number
of frontal foramina, and the occurrence of the small,
lateral kenozooidal structures. The large colonics have
allowed the investigation of the structure and ontog-
eny of the frontal shield in some detail.

Distribution. Known from the type and one other
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Fig 3. A. Exechonella magna (MacGillivray 1895). Miocene, Balcombe Bay. Zooids with avicularia and about 30-40 small foramina, x29.
B-D. Exechonella tuberculata (MacGillivray, 1883). Tangaroa 162, B. Small colony. showing tubular peristomes, and frontal foramina with
raiscd, spinous marginal processes, x29. C. Single zooid, showing raised processes at cdge of foramina, x95. D. Group of 7ooids. Note
interzooidal fusion of some processes. Arrow shows “pockets™ in orifice, x50,
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locality, off southwestern Australia.

Group 2. Exechonclla magna (MaeGillivray
1895).
(Figs 2A-D, 3A)

Hiamopora magna MaeGillivray 1895: 62, pl. 8, fig.
23, pl. 10, fig. 27.

Execlonella magna. Wass & Yoo 1983: 331, Fig. 1.
Excchonella paucipunctara Brown 1956: 600, Fig. 1.

Lectotype. NMV P27645, seleeted here, figured by
MaeGillivray 1895, pl. 8, fig. 2, Muddy Creek,
Miocene, Vietoria.

Paralectorype. NMV P27697, selected here, figured
by MacGillivray 1895, pl. 10. fig. 27, Muddy Creck,
Miocene. Victoria,

Other specimens. NMV. Mioeene. Two enerusting,
worn {ragments, totalling 100 zooids, Muddy Creek,
Vietoria. Two unilaminar fragments totalling seven
zooids, Baimsdale, Vietoria. Six bilaminar fragments,
totalling 200 zooids, Baleombe Bay, Vietoria

Reeent specimens from the Great Australian Bight
(scc appendix p. 00 for details). GAB Station 054,
young colony on adeonid fragment, 16 zooids with
growing edge and opercula. GAB Station 055,
unilaminar fragment ol' 100 zooids. GAB Station 103,
enerusting ealcarcous aeeretions with Arachiopusia,
200 zooids. GAB Station 105, young, aneestrulate
colony enerusting massive “eclleporid™ with other
speeies, 60 zooids. GAB Station 114, large bilaminar
eolony fragment, approximately 2000 zooids. GAB
Station 134, four specimens, two enerusting small
shell fragments and one unilaminar picee, cach with
200 zooids, with onc, aneestrulate, free-living
“lunulitiform™ colony with no substratum or mcans
of attachment, 50 zooids. GAB Station 139. two
unilaminar fragments, totalling 1000 zooids. NMV
46836 (Marine Biology seetion), Port Phillip Heads,
Vicloria, three unilaminar fragments totalling approxi-
mately 160 zooids.

Description. Colonies usually cncrusting, or with
unilaminar cxpansions: zooids widc, lozenge-shaped,
rather flat, outlined by a slightly raised border, with a
variable number of small, frontal, marginal septular
porcs. whieh sometimes oecur on the distal side of
the caleified orifice. Calcified orifice rounded with
straight to eurved proximal margin, width greater than
length; with a thin distal lamina, but generally with-

out “‘condyles”™, sometimes with raised proximal
prominenee. Opereulum eloscly apposed to the calei-
fied orifiee; frontal membrane visible through the fo-
ramina. Frontal shicld typieally with from five to ten
large. rounded foramina, but speeimens with three,
or up to 40 foramina known. Avicularia sporadie, lat-
eral, acutc, with a bar, tlanked by a foramen, mandi-
ble elongated, orientated proximally.

Dimensious. Lz0.75-0.96 mm, Iz 0.64-0.78 mm, Lap
(lor sceondary ealcified orifice) 0.20-0.23 mm. lap
0.28-0.33 mm.

Remarks. Zooid size shows little variation within this
speeies. However, other zooid charaeters sueh as
number of foramina, varies considcrably aeross
populations, although within-eolony variation is low.
Zooids are defined by a shallow ridge and bordered
by a series of small, marginal septular pores, which
are sometimes numerous and well marked (Fig. 2A).
Zooids are very deep, and communieate laterally by
numerous uniporous septular pores. Unlike zooids of
Exechonella papillata sp. nov., there seem 1o be no
additional, multiporous pore plates. The ealeified ori-
fice is large, rounded, usually without “eondyles™, and
slightly raised distally. In some material, there are
small proximal or lateral proeesses on the edge of the
shallow peristome, as in the spceimen from GAB Sta-
tion 103 (Fig. 2A). The eolonies from GAB Station
134 exhibit a wide range of astogenetie and ontoge-
netie stages. Onc small, eomplete aneestrulate eolony
has no obvious substratum, and has developed a
lunulitiform structure, with no apparcnt method of
attachment. Another, virtually free-living, colony
shows a number of zooids with partially caleified fron-
tal shields (Fig. 2C). Although it appcars probable
that this is a reaetion to a mieroenviron-mental influ-
enee, it does show the essential stages in frontal shield
development. The apposed opereula and visible fron-
tal membrancs are a prominent feature of this speci-
men. Intraspeeific variation is most obvious in char-
acters of the frontal shields. In the fossil type speci-
mens the shields have a range of 12-16 somewhat
worn and irregular frontal foramina, and worn
avieularia are present in a very Iew zooids. The sup-
plementary, enerusting specimens from Muddy Creek
resemble the type fragments elosely, although they
have a lower number (8-12) of foramina. One zooid
has two avieularia (Fig. 2D). This is a very rare oe-
eurrcnee, but a similar zooid was figured in a popula-
tion referred to E. magna from the Philippines by Canu
& Bassler (1929, pl. 19, figs 1-2). The number of fo-
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Fig. 4. A-D. Excchonella sp. cf. discoidea Canu & Bassler, 1929. GAB Station 119. A. Part of colony, air-dricd, showing tubular peristomes,
sccondary clectron image, x24. B. Detail of two zooid showing frontal calcification, back-scattered clectron image, x65. C. Single zooid,
sccondary electron image to show cuticular cover of foramina, x78. D. Detail of foramina showing cuticular cover and calcified rim, back-
scattered electron image, x310.
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ramina in the unilaminar and encrusting specimens
from Muddy Creck and Bairnsdale is in complete
contrast to those in the zooids of the large, well pre-
served, bilaminar fossil specimens from Balcombe
Bay. These have paired orificial “condyles™ formed
by a calcified lining within the distal rim of the ori-
fice, which is wide and less rounded than thosc of
other specimens. The frontal shiclds have from 28 to
40 rather small Toramina, and the zooids present an
appearance very different from that of the other fossil
and Recent specimens (Fig. 3A). It is probable that if
additional specimens became available, with these
consistently different sets of characters, they could
be regarded as specifically distinct from E. magna
sensu stricto. The Recent specimens from the Great
Australian Bight, figured by Wass & Yoo (1983: 331,
fig. 11), have a lower range of five to nine frontal
foramina, and resemble those from GAB Station 139.
None of these zooids appears 1o have “condyles”, but
some have a slightly convex proximal edge to the
peristome, The encrusting specimens from GAB Sta-
tion 103, like the large, bilaminar colony from GAB
Station 114, havc an average of ten foramina, and
avicularia are rare (Fig. 2A). Opereula are generally
not markedly thickened with sclerites, or marginally
flanged, as they are in some populations ol the “L.
antillea”- complex (Cook 1985, Fransen 1986). Thin
marginal opercular sclcrites are present in the young
colony from GAB Station 1035, but are not obvious in
the large colony from GAB Station 114. The frontal
foramina all have a slightly raised and thickened rim,
and their shapc is directly correlated with their fre-
quency. The numerous foramina in the fossil speci-
mens from Balcombe Bay are regularly rounded,
whereas those from GAB Station 139 are infrequent
and irregular in size and shape. Specimens from the
Pliocene of South Australia, described and illustrated
by Brown (1956: 600, fig. 1) as £. pancipnnctata,
appear to represent an end-term in the range of varia-
tion of frontal foramina in the E. magna -complex.
The zooids had only three to four large, irregular fo-
ramina, but most other characters do not differ greatly
from specimens examined here. The large foramina
of E. magna are open, as is obvious from the occur-
rence of commensal organisms of unknown relation-
ships, producing thin calcified wubes which wind in
and out of the foramina (Fig. 2B). The speeimen il-
lustrated was alive when collected, and the cuticular
frontal membrane and other uncalcilied tissuc was
removed using bleach before examination by SEM,
Although it is not known if any other specics pos-
sesses similarly open foramina, this appears to be an

important distinction between E. mggna and the other
speeices described here. A slide in the Muscum Victo-
ria collection (old registration 46836) from Port Phillip
Heads, presumably colleeted in the late 19th century,
is similar to the material from the Great Australian
Bight, cspecially GAB Station 103 (Fig. 2A,B).

Avicularia are similar in all specimens. They origi-
nate from a marginal scptular pore and arc small, ¢lon-
gated, and raised, orientated proximally, with a slightly
hooked mandible slung on a bar. They are always
flanked on the inner side by a foramen, which is of-
ten enlarged, but has the same relationships as the
foramen bordering the kenozooid in £. papillata (sce
above).

Other records dubiously referred to E. magna are
those of Canu & Bassler (1929; 121, pl. 19, figs 1-4)
Irom shallow water in the southern Philippines, and
of Lepralia foraminigera var. Kirkpatrick (1890: 16,
19), described briefly from the type speeimen from
the China Sea by Harmer (1957: 654, fig. 52). The
material from the Philippines was encrusting, and had
zooids with 10-15 foramina, prominent, thickened
peristomces and paired avieularia. Harmer mentioned
that the avieularian mandibles of Kirkpatrieks speci-
men were setiform and projected beyond the rostrum
terminally. These two populations are therefore prob-
ably not conspecilic with £. magua sensu stricto, al-
though they are certainly very similar in several char-
acteristics to the specimens described here, and with
them form a species-complex which has been present
in the Australian region from the Miocene to the Re-
cent.

Group 3. Exechonella tuberculata (MacGillivray,
1883).
(Figs 3B-D)

Lagenipora tnbercilata MacGillivray 1883: 132, pl.

3, fig. 15.— MacGillivray 1888: 209, pl. 156, figs 1,
2

Material examined. Holotype, NMV F45627,
MacGillivray collection, Port Phillip Hcads, Victo-
ria. Additional specimens from Bass Strait Survey,
“Tangaroa™ Station 162, three ancestrulate colonies
on small shells with 15 other species, totalling 60
zooids; BSS “Tangaroa™ Station 155, ancestrulatc
colony on shell with two other species, totalling 70
zooids.

Description. Colonies small and encrusting, with large
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Fig. 5. A-B. Exechonella marginata |
(MacGillivray, 1895). Miocene, Balcombe Bay.
Part of an erect branch, showing zooids with
raised peristomes and foramina, x18. B. Zooid
showing raised peristome, long, tubular frontal
foramina, and proximal septular pores, x45.

zooids, although those of the ancestrular region are
small. Zooids communicate laterally through one or
two series ol very small pores. The peristomes are
long and tubular, but are often semi-repent and not
prominent. The calcified orifice has a distal lamina
which Torms a pair of pockets, resembling occlusor
laminae, at the base of the peristome (Fig. 3D), but
“condyles™ seem to be absent. The Irontal shield is
prominent and swollen, obscuring a single scries of
minute marginal septular pores within the limits ol a
very shallow interzooidal lamina. The number of fo-
ramina is rarcly more than 20. They are circular very
early in ontogeny, but rapidly become partially ob-
scured, and are raised, often unilaterally, to form long,
irregular, spinous processes which may fuse with those
of ncighbouring frontal shields. There are no
avicularia.

Dimensions. Lz about 0.95 mm (excluding peristome),
1z about 0.63 mm.

Remarks. The type specimen rescmbles
MacGillivray's figures (1883: 132, pl. 3. fig. 15 and
1888: 209, pl. 156, figs 1, 2) elosely. Although there
are many records of this species, from an extensive
geographical range, there are few illustrations of £,
tuberculata, other than those of MacGillivray. The

species has been reported from a wide range ol lo-
calities extending from the Red Sea (Dumont 1981),
through the Indian Ocean to the Philippines and East
Indies (Harmer 1957), the specimens included here
are those from the Port Phillip and Bass Strait arca
only. Although it is possible that they arc conspecific
with the other specimens described below (see £. cf.
discoidea), they do differ in details of the calcified
orifice and the development of frontal foramina.

Excchonclia sp. cf. discoidea Canu & Bassler,
1929
(Figs 4A-D)

?Exechonella discoidea Canu & Bassler 1929: 123,
pl. 20, figs 5, 6

Exechonella ampullacea Hayward & Ryland 1995:
543, fig. 7E

?Exechonella tuberculata Gordon 1984: 70, Pl. 23D,
not MacGillivray 1883, see above.

Material examined. Great Australian Bight, GAB Sta-
tion 119, one colony, on other bryozoans, 50 zooids.
GAB Station 065, two colonies, one ancestrulatc
colony, on shell, totalling 50 zooids. GAB Station 134,
two small colonics encrusting large, calcareous ac-
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Fig. 6. A-D. Exechonella marginata (MacGillivray, 1895). A-B. Miocene, Balcombe Bay. A. Zooid showing tubular peristome and raised
frontal foramina. Note the proximal grouping of frontal septular pores on zooid to lefi, x65. B. Group of three z0oids showing long, tubular
frontal foramina, x30. C-D. Mioccene, Muddy Creek. C. Part of colony with branch bifurcation, x23. D. Detail of another colony, with zooids
showing frontal calcification, and processes crossing zooids, x34.
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cretion, totalling 50 zooids. GAB Station 139, colony
on shell accrction, totalling 120 zooids.

Description. Colony encrusting, zooids small early
in astogeny, later up to 1.3 mm in length, flask-shaped,
with raised, tubular peristomes. Frontal foramina up
to 25, slightly irregular and raised marginally. Calci-
fied orifice apparently without distal lamina or
“condyles™. shallow, curved proximally. Marginal
septular pores small, placed near the basal part of the
lateral curvature of'the frontal wall; no lamina appar-
ent between zooids. Avicularia absent.

Remarks. The specimens, which arc all from the west-
ern part of the Great Australian Bight, from 40-150 m
depth, most rescmble those reported by Gordon (1984)
as E. wberculata, from the Kermadee Ridge region,
north of New Zealand, from 40-130 m depth. They
have a similar flask-like shape, with long, tubular
peristome, and a similar range in zooid length (ap-
proximately 0.9-1.4 mm), and number of frontal fo-
ramina (average 25).

The slightly irregularly-shaped foramina are
raised marginally. and are surrounded by mamillate
calcification, in contrast to the discs of simooth calci-
fication surrounding the foramina in E. papillata sp.
nov. In untreated specimens, the dried euticle is scen
stretched across the top of the raised foramen margin
(Fig. 4C).

E. discoidea Canu & Bassler (1929) from
Mindanao in the Philippines, from approximatcly 70
m depth, also shares some charaeteristics. The colo-
nies were very small, and probably astogenetically
young. The figured zooids are gencrally less than
1 mm in length. The zooids have long, somewhat ir-
regular peristomes, and the number of foramina aver-
ages 15. The specimens named E. tubercnlata from
“Siboga™ Station 164 (west end of New Guinea, 32
m), include two species, one of which has flask-like
zooids less than 1 mm in length, with long tubular
peristomes, and 15-19 foramina (sce Harmer 1957,
pl. 54, fig. 14). This appears to be very close to £
discoidea. Harmer (1957) also included another Phil-
ippinc species. Coleopora erinacea Canu & Bassler
(1929: 268, pl. 19, figs 6-8). This certainly belongs to
Execliouella (sce Harmer 1957: 653, footuote). not
Coleopora. Some, but not all, of Canu & Bassler’s
illustrations (for example pl. 19, fig. 7), also appear
to be close to E. discoidea , but without examination
of further specimens, it is not possible to determine
their identity. E. discoidea was originally described
as having ovicells, but these were not illustrated. An-
other, somewhat similar species, £. ampullacea, with

raised, tubular peristomes, but smaller zooids (0.7-
0.9 mm), with more numcrous. rounded foramina (up
to 40), was described from shallow water from the
Great Barrier Reef by Hayward & Ryland (1995: 547,
fig. 7E). It somewhat resembles both £. discoidea and
the specimen from the Kermadec region illustrated
as E. mberculata by Gordon (1984).

Group 4. Excchonella marginata (MacGillivray,
1895).
(Figs 5A. B, 6A-D)

Tubucellaria marginata MacGillivray 1895: 105, pl.
4, figs 2, 3.— Maplestone 1904: 214.

Type material. NMV P27553, figured by
MacGillivray 1895, pl. 4, figs 2, 2a, 2b, Muddy Crcek,
Victoria (Population 1). NMV P 27554, figured by
MacGillivray 1895, pl. 4, fig. 3, Schnapper Point,
Victoria (Population 2).

Other material examined. Population 1. Muddy Creek,
Victoria, nine quadriserial fragments, totalling 65
zooids. Grices Creck, Victoria, five fragments, total-
ling 55 zooids. Population 2. Balcombe Bay, Vieto-
ria, 15 fragments, totalling 65 zooids. Batesford
Quarry, Victoria, 7 fragments totalling 17 complete
zooids. Baimsdale, Vietoria. 5 fragments totalling 12
zooids. Population 3. Cooriemungle, 10 fragments,
totalling 25 zooids. Balcombe Bay, 11 fragments. to-
talling 37 zooids.

Description. Caolony creet, branching; branches cy-
lindrieal, nearly all quadriscrial, with one from Muddy
Creck showing a dichotomous branch. Zooids elon-
gated, defincd by a raised rim of calcification, bor-
dering a marginal series of septular pores. Laterally,
the zooids communicate by one or two series of scat-
tered pores. Calcificd orifice almost circular, lacking
“eondyles™. peristome often very raised and tubular,
sometimes flaring terminally. Frontal shield includes
a very variable number of rounded foramina, each
with a raiscd rim. Avicularia absent.

Dimensions. Lz about 1.4 mm, 1z about 0.68 mm. Lap
(secondary orifice) about 0.26mm. lap about 0.27mm.

Remarks. MacGillivray (1895: 105) referrcd this spe-
cies to the genus Twbncellaria d*Orbigny, 1852, 1twas
listed by Maplestone (1904: 214) from several other
Tertiary Victorian localities. MacGillivray’s (1895)
figures illustrate two of the populations exhibiting part
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of the range of variation. In the Population 1 zooids
illustrated in Figures 2, 2a and 2b, and the specimens
from Muddy Creck and Grices Creek examined here,
there are 50-60 closely spaced toramina with rounded,
but not greatly raised margins. The hypostegal coc-
lom appcars to develop extrazooidal lobes of calcifi-
cation, which extend abovce the zooidal margins and
septular pores, and fuse with lobes trom ncighbour-
ing zooids, leaving a series of irregular cmbayments
(Fig. 6C, D). This extrazooidal calcification is present
in all spccimens examined, and, in fact, was illus-
trated by MacGillivray in Pl 4, fig. 2a, at the proxi-
mal end of the fragment. Zooids from Population 2
were illustrated by MacGillivray in PL. 4, fig. 3, from
a specimen from Schnapper Point. Specimens {rom
Baimsdalc, Batesford Quarry and Balcombe Bay re-
semble these figures in having more prominent
peristomcs, and zooids with from 30-40 frontal fo-
ramina, which are more widely spaced, and often
raised marginally (Fig. 5A, 6A). The branch fragments
and the zooids of Populations 1 and 2 arc gencrally
not as robust as those of Population 3 (Fig. 5B, 6B).
The zooids from Cooricmungle and Balcombe Bay,
belonging to this population, are very large and dc-
fined by a distinctly raised rim. There is a series of
marginal septular pores, which may be grouped in an
extensive, depressed area of proximal frontal shicld
which has no foramina. The peristome is raised, tu-
bular and ofien promincnt. The most noticeable dif-
ference in these zooids is in the number of frontal
foramina, which rarely exceed 24, and may be as low
as 12, The foramina are confined to an area in the
central part of the frontal shield, and the calcification
surrounding them is smooth. Most foramina arc raised
and tubular, some equalling the peristome in length,
and ncarly all flaring tcrminally. There is no devclop-
ment of extrazooidal bridges of calcification between
zooids, as in the zooids of Population 1.

Although the specimens examined fall fairly
clearly into three population groups, the torm of the
foraminal calcification is correlated with frequency,
asitisin £, magna, Only investigation of much larger
samples of each morphotype would show whether
there were two or more distinct taxa present or not.
The inncr surface of the tubular foramina is part of
the exterior wall forming the basal side of the shield,
and has no connection with the visceral coctom. The
area frontal to the upper, interior-walled part of the
shield is inferred to have been occupied by hypostegal
coelom bounded by cuticle, presumably carricd up
frontally and surrounding the tubular foramina. Al-
though the foramina of E. ruberculata develop in a

somewhat similar way, they are not as extensive.
Harmer (1957: 653) included T marginata in the syn-
onymy of Execlonella nberculata. 1t differs in colony
form, in the relationships of the marginal scptular
porcs to the rest of the frontal shield, and in the form
of the frontal foramina. 1t also differs in the absence
ot internal “pockets” at the base of the peristome.

Relationships. The development of a considerably
more extensive secondary and tertiary frontal shicld,
derived from a hypostcgal coclom, occurs in another
genus which has been referred to the Exechonellidae.
This is Stephanopora Kirkpatrick, described in detail
by Hayward (1988) and by Gordon (1993). In S.
cribrispinata Kirkpatrick, the tubular expansions of
foramina are raised as in £. marginata Population 3,
but fuse with each other terminally. They form a po-
rous, sccondary shicld composed of exterior wall,
derived from the lower surface of the umbonuloid
primary shield. The hypostegal coclom remains to
form a labyrinthine intcrvening layer at a lower level.
Hollow spinous outgrowths from thc peristome then
fuse interzooidally, forming a tertiary shieid. In an-
other spccics of Stephanopora, S. perelegans, the flat-
tened, “"semi-spinous™ processes derived from the
peristome, have a structure exactly like that of an
umbonuloid wall, namely, their basal sidc is exterior,
but the frontal side is an interior wall covered by an
extension of hypostegal coelom and bounded by a
cuticle. This typc of development is remarkably simi-
lar to that described in the Cretaceous arachnopusiid
genus Ramicosticella by Voigt & Gordon (1998). The
type spccics, R. erratica, from the Danian of Ger-
many, produces the equivalent of an umbonuloid
shield from pairs of branched, flattened semi-spines
which originatc at the proximal end of the zooid, from
paircd septular pores, and spread interzooidally over
the zooid frontals, fusing irregularly. Voigt & Gordon
(1998) discountcd this form of devclopment as a pos-
siblc indication of an origin of somc umbonuloid
walls, from “cribrilinid” costac which were
uncalcificd trontally. There is, admittedly, no carlicr
fossil evidence for a linking form or forms, but this
type of origin remains feasible, as it requires no more
than the control of calcification at specific sites, which
is inherent in the Bryozoa in general, and is expressed
in a random and mosaie manner. The different kinds
and dcgrees of distribution and development of
hypostcgal cocloms in the Exechonellidac suggests
that there were almost certainly morc methods of pro-
ducing frontal shields than have at present been cs-
tablished.
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APPENDIX
LOCALITIES MENTIONED IN THE TEXT

Tertiary of Victoria.

Bairnsdale. Approximately 12 km west of Baimsdale.
Lat.37°47.9°S, Long.147°29.5°E.

Age: Miocene.

Balcombe Bay and possibly Schnapper Paint. On the
coast of Port Phillip Bay,

approximately 3 km south of Mornington.
Lat.38°14.5°S, 145°01.7°E. Fyansford Clay. Age:
Baleombian, Middle Miocene (Langhian).
Batesford Quarry. Upper levels of limestone quarry,
7 km west of Geelong. Lat. 38°06.5°S, Long.
144°17.3"E. Fyansford Clay. Age: Balcombian, Mid-
dle Miocene

(Langhian).

Caorienmmgle. Road cuttings approximately 18 km
north of Princetown. Lat. 38°32.4’S,

Long. 143°08.1'E. Gellibrand Marl.
Balcombian, Middle Miocene.

Grices Creek. On the coast of Port Phillip Bay, ap-
proximately 8 km north of Mornington. Lat.
38°11.9'S, Long. 145°03.9°E. Fyansford Clay. Age:
Balcombian (some material may be Bairnsdalian),
Middle Miocene.

Muddy Creek. Clifion Bank, Muddy Creek, 8 km west
of Hamilton. Lat. 37°44.6°S, Long. 141°56.4'E.
Muddy Creek Marl (=Gellibrand Marl). Age:
Balcombian, Middle Miocenc.

Age:

R.V. Franklin cruise, July 1995, Grear Australian
Bight statians.

GABO054: N. E. of Espcrance. Lat. 33°12’S, Long.
124°55°E, 54 m.

GAB055: N. E. of Esperance. Lat. 33°16°S, Long.
125°18’E, 59.5 m.

GABO0G5: N. E. of Esperance. Lat. 33°03°S, Long.

124°23’E, 42.5 m.

GABI103: off Esperanec. Lat. 33°58’S, Long. 121°56’E,
55 m.

GABI105: SW of Esperance. Lat. 34°04’S, Long.
121°44°E, 78 m.

GAB110: S. of Esperance. Lat. 34°32°S, Long.
121°32°E, 154 m.

GAB114: SW of Esperance. Lat. 34°37°S, Long.
121°32°E, 190 m.

GABI119: E of Albany. Lat. 35°S, Long. 119°E, 149 m.
GAB134: W of Capc Mentelle. Lat. 34°02'S, Long.
114°48°E, 51 m.

GAB139: W of Cape Naturaliste. Lat. 33°35’S, Long.
114°46°E, 49 m.

NMV Bass Strait Survey stations.

Tangaroa (BSS) 155: Lat. 38°34°S, Long. 144°54.3’E,
70 m

Tangaroa (BSS) 162: Lat. 39°46’S, Long. 146°18’E,
80 m.
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